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Abstract 
    This research studies the evaluation of the heat flow exchanged between the soil, with two different types (soil in concrete and 
soil in asphalt), and the urban environment on a streets of open shape. A method which takes into account all fluxes is 
established. Thereafter, a numerical approach is made in order to assess the impact of the modification of energy balance on the 
air warming. The proposed approach provides assistance in the identification of important parameters put in an obvious place the 
phenomenon of warming of air and which can explain the thermal phase between the soil and urban environment in summer 
period. This is due to the important sunshine duration and the importance mineral surface exposed to the direct sunlight. A set of 
field measurement is performed using "multmeter" equipments to measure the temperature of the under soil, the air temperature 
and the wind speed using a measuring instrument called "thermo-anemometer with propeller LV 110". The temperature of the 
surface soil by an instrument called "Infrared Thermometer”. The relative humidity through an instrument called "Thermo-
hygrometer HD100". The time interval in the measurements is two hours. A total of two measuring stations, representing open 
street with two different soil coatings (asphalt and concrete), are chosen in the city of Biskra. Such research is needed to find 
reliable ways to determine the energy balance in an urban environment in the future. 
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1. Introduction 
A primary objective of environmental design in an urban context is the creation of comfortable spaces. The built 
environment has a significant impact on the warming of the air. We will try to demonstrate clearly in the open streets 
in the city of Biskra the impact of the change in energy balance on the warming of the air. 
2. Problematic 
In recent years urban climatology hitherto focused primarily on the warming of the air. [1]. Heat flux exchanged 
between the soil and urban environment play an important role through their contributions to the warming of the air. 
Various authors have conducted studies on these exchanges. The synthesis of bibliographic work shows that the 
authors discuss the phenomenon of exchange considering the daily net radiation is divided between the latent heat 
and sensible heat [2] [3 ] [4]. To limit the warming of the air in an urban environment, the mastery of energy balance 
should be a priority. Cities must anticipate this new climate data. 
3. objectives 
Determine the change in the energy balance where the soil have covered by concrete and asphalt at an urban 
environment defined by the geometry of the streets (Open Street) and its impact on the warming of the air. This 
study uses a numerical approach include monitoring methodology. 
 
The parameters of the energetic balance as follows 
Rn Energy balance     (W/m2) 
H            Sensible heat flow   (W/m2) 
LvE        Latent heat flow   (W/m2) 
G            Heat flow into the soil   (W/m2) 
J             Heat flow absorbed by vegetation   (W/m2) 
E            Mass flow of water vapour   (W/m2) 
hc           Coefficient of thermal convection 
Ta           Air temperature   (K) 
Tsurf sol     Soil surface temperature   (K) 
Vvent       Wind speed   (m/s) 
KE          Coefficient of convective mass transfer 
ρ             Density of air   (ρ air = 1.18kg.m-3) 
Cp            Specific heat of air   (Cp=1004J/kg.K) 
Lv          Latent heat of vaporization of water   (Lv= 2.4*106 j/kg) 
Mw        Molar mass of water vapour   (Mw =18,01g*mol-1) 
R            Gas constant   (R=8.32j.K-1.mol-1) 
Pvs         The saturation vapor pressure   (kPa) 
Pv           The vapor pressure   (kPa) 
Hr           Relative humidity   (%) 
K            Thermal conductivity of the soil   (W/m/K) 
ΔT          Coldest and Hottest temperature   (K) 
e              Level of ΔT  (m)  
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3.1. Site description   
This study applies to the case of the city of Biskra, belonging to arid region with warm and dry climate in 
Algeria. Its arid climate is characterized by: annual and daily fluctuations significantly between maximum and 
minimum temperatures. Between the coldest month and the hottest month, the temperature range above 20°C. The 
daily range for the hot season is around 22°C. Solar radiation is intense is about 10h/jour. The average relative 
humidity and approximately 47% and remains low, not exceeding 60% in winter. Rainfall is irregular low (120 mm) 
[5]. The field study we used is tow streets with open shape (Figure 1). Thermal and physics characteristics of the soil 
are: rough soil in asphalt, its thermal conductivity is k=1.90W-1.m-¹.k, its emissivity is about 0.90 to 0.98, its color is 
black and a rough soil in concrete, its thermal conductivity is k=1.80W-1.m-¹.k, its emissivity varies between 0.71 
and 0.90; its color is greenish gray. 
 
 
 
 
 
 
Fig. 1. The streets where the stations were placed. Source: Author. 
Geometric details of each station are shown below.    
Fig.2. The geometric details of the stations. Source: Author  
Station N°1 : Open Street  H>0,25W 
View of the station: 
 
Geometry and  
orientation of the station: 
H=5m    
W=14.50m  
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Fig.3. The geometric details of the stations. Source: Author  
Station N°2: Open Street  H>0,25W 
View of the station: 
 
Geometry and  
orientation of the station: 
H=6m 
 W=14.5m  
 
H 
 
        W 
 
 
             North  East -South West 
Type of soil: asphalt 
 
 
3.2. Monitoring Campaign and climatic conditions  
The study of the effect of energy balance on the warming of the air begins by drill through the asphalt and 
concrete soil and measuring the temperature of the under soil: using of a measuring instrument called "multmeter", 
with two sensors for the measurement of temperatures of the under soil T1and T2, a small handheld portable digital 
multmeter with LCD display, M890C connected to an accurate sensor. The instrument is product conformity with 
IEC 1010 and CE certificate. The temperature measurement range is -20 to 1370 °C with accuracy ±0.5%, in 
measuring stations belonging to a similar climatic environment. To determine the level of location of a measuring 
instrument, a campaign pilot was addressed to determine at what level starts the fluctuation of temperatures 
according to the soil level in asphalt with thickness of 7cm, and in concrete with thickness of 5cm. level of 5cm to 
measure T1 as a coldest temperature and 10cm to measure T2 as a hottest temperature for asphalt soil. Then level of 
4cm to measure T1 as a coldest temperature and 8cm to measure T2 as a hottest temperature for concrete soil. The 
air temperature and the wind speed using a measuring instrument called "thermo-anemometer with propeller LV 
110". The temperature of the surface soil by an instrument called "Infrared Thermometer”. The relative humidity 
through an instrument called "Thermo-hygrometer HD100" with capacitive humidity sensor and temperature sensor 
integrated.  
4. The energy balance evaluated 
The existence of the warming of the air, results from the modification of the energy balance in the urban 
environment. A portion of the net energy arriving at the soil heats it by conduction, another to the evaporation of 
water and another to change the atmosphere by convection. And because our investigation site lack of vegetation, so 
the photochemical processes of assimilation chlorophyll of plants are neglected in our case, therefore the energy 
balance is defined by the following equation:  
           Rn = H + LvE + G + J                                                                                                                                     (1) 
 
Climatic conditions of the considered site are subject to the arid climate. Situations that interest us are 
corresponding a three hot days under typical conditions of summer. Therefore, measures will be for three days: 8, 9 
and 10 July 2012 (days included in the overheating zone in the city of Biskra). Assume that there is a permanent 
regime; the sensors will be fixed with no changes at all the measurement period. 
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4.1. Sensible heat flow H: 
This heat flow is calculated by the following equation: 
 
          H = hc (Ta – Tsurf sol)                                                                                                                                           (2) 
 
          hc = 0.5 + 1.2ඥݒݒ݁݊ݐ                                                                                                                                         (3) 
 
hc is the convective transfer coefficient. 
4.2. Latent heat flow LvE:  
 It is calculated by the relationship of Stefan based on the theory of mass transfer, also called film theory given 
by: 
 
 ܮݒܧ ൌ
ܮݒ Ǥܭܧ Ǥܯݓ
ܴǤܶܽ ቀ ܲݒݏ൫ ܶݏݑݎ݂ ݏ݋݈ ൯ െ ܲݒሺܶܽ ሻቁ                                                                                                     (4)          
 
 
          PVS (T) = exp (25,5058-(5204,9/T)) 
                                                                                                                     (5) 
 
          PV (Ta) = Hr PVS (Ta)                                                                                                                                          (6) 
 
The assumption of Louis asks that is: 
 
         KE = hc/(ߩ כ ܿ݌ሻ                                                                                                                                                  (7) 
4.3. Conductive heat flow G:   
The heat flow in the soil is defined by Oke by the following equation: 
 
         G = -K(οܶȀοݔሻ ؆ െܭሺοܶȀሺο݁݁ ሻሻ                                                                                                                    (8) 
 
 By replacing each quantity in the energy balance equation (1), we can finally write the energy balance as 
follows: 
         ܴ݊ ൌ ܮݒ Ǥܭܧ ǤܯݓܴǤܶܽ ቀ ܲݒݏ൫ ܶݏݑݎ݂ ݏ݋݈ ൯ െ  ܲݒሺܶܽ ሻቁ൅݄ܿ Ǥ ൫ܶܽ െ ܶݏݑݎ݂ ݏ݋݈ ൯ ൅ ܭ
οܶ
Δ

                                                    (9) 
 
5. Results and discussion    
The figures 3 and 4 show that at the tow measuring stations, a high correlation exists between the energy balance 
and latent heat flow determined by evaporation. [6] In 1965 was assumed that the transfer coefficients for heat and 
water vapor are identical.   
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Station No.1 
 
Fig. 4. Cycle of latent heat flux, sensible and conductive, and energy balance in an open street, asphalt soil. Source: The author. 
The station N°.1 is an open space with asphalt soil, oriented North-South. Open streets are more exposed to air 
movement and long wave radiation loss than narrow streets [7]. The energy balance (Rn) and latent heat flow (LvE) 
are significantly higher than the conductive heat flow (G) and sensible heat flow (H) during the measurement period, 
the peak of the  energy balance recorded at first day 720W/m2 at 02h00 (Figure 4), this is due to the total absence of 
any source of refreshment or shading, and the important sunshine duration and the importance asphalt surface 
exposed to the direct sunlight, generate a large storage of heat during the day and its return at night, which 
contributes significantly to overheating air of a summer night. It is possible to note that the sensible heat flow (H) is 
never negative during the night from 20h00 until 06h00, suggesting that the release of heat storage from night is 
sufficient to maintain a positive flow. The difference between the sensible heat flow (H) and energy balance (Rn) 
also plainly visible the starting time of the release of the energy stored during the day. The delay about six hours 
between the peaks of (H at 22h00 equal to 60W/m2) and (Rn at 04h00 equal to 720W/m2) indicates a daily 
asymmetry in both graphs. 
Station No.2 
 
 Fig. 5. Cycle of latent heat flux, sensible and conductive, and energy balance in an open street, concrete soil. Source: The author. 
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The conductive heat flow is always positive; at 08h00 the conductive heat flow (G) becomes negative. The 
sensible heat flow (H) is negative, and at 06h00 equal to 0W/m2. As reported [8], "the radiative cooling fast than the 
decrease in air temperature plainly visible the role of the sensible heat flow in the warming of the atmosphere." This 
is probably connected to the strong daytime trapping of heat with radiation in the open street oriented North East-
South West. The sensible heat flow starts later in the morning and remain low with a big extant from 08h00 to 
04h00. The results suggest that the heat stored in urban areas began to be returned to the atmosphere in the afternoon 
when the energy balance is higher, reducing the heat storage in the soil and maintaining the conductive heat flow 
positive and make the sensible heat flow negative. The differences in extent between the peak values of three flows: 
energy balance (Rn), latent heat flow (LvE) and conductive heat flow (G) refer to the profiles of three morning 
flows, at 14h00 the energy balance records 760W/m2, the latent heat flow (LvE) equal to 670W/m2 and  the 
conductive heat flow (G) stores 90W/m2. The latent heat flow dominated the energy balance throughout the day, 
because of high evaporation in the street oriented North East-South West. 
Conclusion  
   This research has a role to perform further analysis on the assessment of the extent and the behavior of the energy 
balance in open streets and its impact on the external thermal fluctuations.  
Therefore, this document focuses on field measurements of the temperature of the air, temperature of the surface 
soil, of relative humidity, the wind speed and the temperature of the under soil at two levels whatever the type of the 
soil in asphalt or in concrete within tow measurement stations situated in open streets that were conducted from 8 to 
10 July 2012 (three typical days in summer) selecting a bi-hourly intervals. The latent heat flow (LvE) is a dominant 
part in the energy balance and may rise to more than 70% of energy balance  (Rn) in an open street oriented north-
south identified by asphalt soil (LvE = 670W/m2). In the open street oriented North East-South West identified by 
concrete soil the sensible heat flow (H) is negative, equal to 0W/m2 at 06h00. Such research and plausible results are 
needed to find reliable ways to determine accurately the energy balance in an urban environment in the future. 
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